Recently, serum lactate level rather than systolic blood pressure (sBP) has been widely used to diagnose peripheral circulatory insufficiency, which often leads to coagulopathy with systemic inflammation.
Introduction
A systolic blood pressure [SBP] of less than 90 mmHg has long been used as a marker for peripheral circulatory insufficiency 1 3 . However, blood pressure shows no decrease in some patients with hemorrhagic shock, despite a loss of circulatory blood volume as great as 30%, because of vascular contraction and increased pulse rates and is insufficient as an early marker for detecting shock 1, 4 .
Lactate levels have been widely used to detect the early phase of peripheral circulatory insufficiency and to evaluate therapeutic efficacy 5, 6 . The relation of lactate levels to clinical outcome has been increasingly emphasized, especially in patients who are critically ill 7, 8 . Systemic inflammation characterized by vascular endothelial damage activates the extrinsic coagulation pathway in patients who have peripheral circulatory insufficiency with lactic acidosis 9 11 . This hypercoagulability often leads to disseminated intravascular coagulation with or without hyperfibrinolysis.
Whole blood viscoelastic tests are performed with rotational thromboelastometry (ROTEM ; Tem International GmbH, Munich, Germany) within 60 minutes after blood samples are obtained. The ROTEM is a point-of-care test using whole blood 12 . With this test coagulopathy can be diagnosed more pathophysiologically than with standard coagulation tests. In fact, the ROTEM is used for such treatments as cardiac surgery, organ transplantation, and the repair of trauma 12 14 . 
Materials and Methods
This retrospective study has been approved by the Insti- 
Results
The results of univariate analysis in each group are shown in Table 1 , 2. The severe group was significantly younger than the normal group (P=0.023). There was no significant difference in the proportion of sex and past medical history in each group. With regard to the diagnosis, there were less number of patients with sepsis in the normal group but no other remarkable tendency was observed ( Fig. 1) . As for vital signs, respiratory rates were significantly higher in the mild and severe group than in the normal group (P=0.001). Additionally, sBP was significantly lower and heart rates were significantly higher in the severe group than in the other groups (P< 0.001). Shock index (HR/sBP) in the severe group was significantly higher than the other groups (P<0.001) ( were found in the standard coagulation tests, as well as fibrinogen and fibrin degradation products (P=0.001),
and D-dimer (P=0.002).
Although EXTEM findings showed no significant difference in the clotting time and clot firmness at each time point, the α angle was significantly decreased in the severe group (P=0.040) (Fig. 2) . In addition, the number of patients with hyperfibrinolysis (P=0.040) and shorter lysis onset time (P=0.024) (Fig. 2) was increased indicating the initiation of hyperfibrinolysis was markedly greater in the severe group than in the other groups. Clinical outcome was significantly poorer in the severe group (P= Fig. 1 Distribution of diagnosis in each group Sepsis tended to be less frequently observed in the normal group, but there was no other remarkable tendency.
0.007).
Next, the results of univariate analysis based on sBP are shown in Table 3 
Discussion
This study demonstrated that an elevation of serum lactate levels, in particular, 4.0 mmol/L or greater reflected coagulopathy associated with peripheral circulatory insufficiency more accurately than sBP.
The relationship between peripheral circulatory insufficiency and lactate levels has been increasingly reported recently 8,19 27 . Generally, patients with critical illness are considered to have normal lactate levels at concentrations of less than 2 mmol/L 19, 20 . Furthermore, hyperlactatemia is well defined as 4 mmol/L which indicates hypoperfusion and poor clinical outcome 20 22 . . Our hematological analyses using plasma samples showed that higher lactate levels were significantly re- in each group. Kruskal-Wallis test after Bonferroni adjustment showed that shock index (HR/sBP) in severe group was significantly higher than that of the other groups (P<0.001). Although significant differences were observed according to alpha angle (p=0.040) by Kruskal-Wallis test, Bonferroni correction didn't show statistical differences between alpha angle in severe group and normal group. Lysis onset time (p=0.024) in severe group was significantly faster than that in mild group. , p<0.05; , p<0.01. have reported the effectiveness of the prehospital and inhospital measurement of lactate levels as a Point-of-care testing 5, 38 . Early recognition of the presence of coagulopathy, especially with hyperfibrinolysis, detected by serum lactate level in the early phase of critically ill patients leads to early initiation of anti-fibrinolytic therapy recommended by the CRASH-II study 39 .
There are some drawbacks to be improved in this study such as small sample size that may represent a possible selection bias. Pathophysiology of coagulation and fibrinolytic system in acute phase of severely ill/ trauma patients changes drastically with time 40 . It is difficult to adjust the clinical backgrounds and severity to one particular population in this study. We evaluated all patients to grasp the overview of coagulation and fibrinolytic disorders only by adjusting the timing of every testing, on admission to the ED. Advanced analyses using severity-matched population with one particular cause is warranted near future.
In conclusion, abnormal serum lactate levels (! 4 mmol/L) properly reflected peripheral circulatory insufficiency and were more closely associated with coagulopathy such as hypocoagulability and hyperfibrinolysis than sBP.
